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In this article, the authors discuss some of the challenges and opportunities resulting 
from the convergence of broadcast and mobile communication services. Starting with 
an overview of DAB, DVB and the emerging third-generation mobile communication 
networks - with a special focus on UMTS - the advantages that result from a 
combination of UMTS with data broadcast facilities, as provided by DAB and DVB, are 
discussed. This allows us to provide mobile users with interactive mobile IP streaming 
services, thereby opening the door for a lot of interesting mobile applications. 

The enabling of new services is not enough, however, if we take into account the 
limited spectrum allocation for mobile communication systems. Hence the article 
discusses the possibilities for efficient and flexible spectrum utilization. Mechanisms 
for dynamic spectrum and service allocation are introduced, which can be seen as a 
p'^'-requisite, not only for efficient spectrum utilization, but also as an enabling 
tw nnology towards more flexible communication services than we have today. 



i. Introduction 

In the past, broadcasting just mean! the 
distribution of radio and television 
programmes to the people's living 
rooms. Evolving digital broadcasting 
standards, such as DAB and DVB, can 
do a lot more. They can be used as a 
flexible digital multimedia conten!- 
broadcasting platform. Tl^ey enable 
access not only to multiple sources of 
T\* and radio channels, but to data pro- 
graniming as well |1) Data pro- 
grammes alone can consist of 
multimedia channels, each carrying a 
mixture of synchronized video, audio 
and text content. Beyond that, data 
programmes can also comprise contin- 
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uous transmission sets of software 
modules, such as games software or 
other applications software. 

Besides the trend towards multimedia 
broadcasting, interactivity and person- 
alization are also important to the 
broadcasting industry. By offering 
interactive broadcast ser\*ices, users 
can control the content and the way it 
is presented in several ways. Further- 
more, mteractive broadcast ser\ices 
enable the user to find the content he/ 
she is really interested in, in a much 
quicker way than today. 

At the same time as analogue T\' trans- 
missions are being replaced by digital 
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multimedia transmission techniques, 
mobile communication networks are 
eA olving from pure telephony systems 
to third-generation mobile multimedia 
networks. The most important evolv- 
ing systems in this area are GPRS and 
UMli. UMTS will very likely become 
the first truly mobile multimedia 

communication standard. Due to its 
flexible system design, UMTS is able to 
offer a variety of different services - 
ranging from speech telephony over 
data applications such as web-brows- 
ing, to interactive communication and 
entertainment services. 

An appealing scenario results from the 
combination of multimedia broadcast 
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systems such as DAB and DV^uith 
mobile muJti media netvv'ork^^^^ as 
UVITS. The EB is current^Br the 

process of assessing the potential of the 
DAB/UMTS synergy for mobile multi- 
media services, and the terminal equip- 
ment manufacturers are already 
investigating the concept of combined 
DAB/UMTS user terminals. The inte- 
gration of broadcast transmission tech- 
niques into UMTS can help to 
overcome the limited spectrum prob- 
lem mentioned above. Most mobile 
multimedia applications have an 
asymmetric bandwidth demand, 
meaning a higher bandwidth is 
required for the downlink while the 
uplink is mainly used to transmit con- 
trol information, such as user selec- 
tions or commands. 

However, the deployment of asymmet- 
ric communication services alone will 
not be enough to satisfy the demand 
for new mobile communication ser\-- 
ices, because it can already be foreseen 
that the market demands much more 
spectrum for UMTS ser\»ices and appli- 
cations than is available today {2][31. 
Hence, we will discuss the possibilities 
for efficient and flexible spectrum utili- 
zation which shall open new frequency 
ranges for mobile communication sen'- 
ices and which shall also enable the 
coexistence of mobile and broadcast 
serv ices within the same spectrum. We 
will introduce mechanisms for 
dynamic spectrum and service alloca- 
tion. The technology we propose can 
be seen as a prerequisite, not only for 
efficient spectrum utilization, but also 
as an enabling technology towards 
more flexible communication ser^'ices 
than we have today. 



2. Data broadcasting 
over DVB-T and DAB 

The development of DVB-T started in 
1993 and, in 1997, the DVB-T specifica- 
tion was approved by ETSI (4). The 
achievable data-rates of DVB-T ran«»e 
from 3.7 - 23. 8Mbit /s for a 6 MHz chan- 
nel and from 4.9 - 31. 7Mbit/s for an 
S .MHz channel. The maximum achiev- 
able data-rate depends on the channel 
quality expressed as the signal-to-noise 
ratio observed at the receiver. This 
trade-off between SMR and achievable 
data-rate gives broadcasters a great 
llexibility in the system design. For 
instance, a broadcaster can decide 
between wide-area, medium data- rale, 
coverage or local-area, high data-rate, 
coverage. 
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Figure 1 

DAB system architecture. 

The DVB data broadcasting specifica- 
tion [5] is designed to aUow software 
downloads over satellite, cable or ter- 
restrial links, to deliver Internet ser\-- 
ices over broadcast channels (using IP 
hinnelling), and to provide interactive 
T\', etc. The specification is based on a 
series of four profiles. Each profile cor- 
responds to an application area. The 
four application areas covered by the 
DVB data broadcasting specification 
are as follows [2]: 

<=> Data Piping - This is the simple, 
as>'nchronous, end-to-end deliv€r>' 
of data through DVB-compliant 
broadcasting networks. 

=> Data Streaming - This supports data 
broadcast services that require a 
streaming-oriented, end-to-end 
deliver}' of data in either an asyn- 
chronous, synchronous or synchro- 
nized way through DVB-compliant 
broadcast networks. 

=0 Multiprotocol Encapsulation - This 
supports data broadcast ser\'ices 
that require the transmission of dat- 
agrams of communication proto- 
cols via DVB-compliant broadcast 
networks. 

=^ Data Carousels - This supports data 
broadcast ser\'ices that require the 
periodic transmission of data mod- 
ules through DVB-compliant 
broadcast networks. 

The DVB standard already contains 
specifications for the use of different 
kinds of return channels (e.g. PSTN/ 
ISD.NJ and DECT). For mobile applica- 
tions, the mobile phone standard GSM 
has been proposed as a return channel 
for DVB-T f6]. 

The development of D.AB started back 
in 1987 within the framework of the 
European research initiative. Eureka. 
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In 1994, a draft version of the DAB 
standard was presented to ETSI. The 
final version of the standard was 
approved in 1995. An improved ver- 
sion of the standard was finalized in 
1997. 

The overall architecture of a DAB trans- 
mitter is depicted in Fig. 1, As can be 
seen, several sources of information 
such as radio programmes and data 
sen-ices are multiplexed into one data 
stream, which is then transmitted over 
a 1.56 3M 2 channel. For mobile 
reception, e.g. within cars, overall data- 
rates around 1.5Mbit/s are achieva- 
ble. The packet format used for data 
services is specified by the Multimedia 
Object Transfer (MOT) protocol (7}. 



3. Third-generation 

mobile communication 
networics 

The success of second-generation 
mobile conninunication networks and, 
especially, the success of CSM has 
given an enormous amount of users 
access to mobile speech and data ser\--- 
ices. At the same time, the users expect 
more and better mobile services which 
cannot be met by circuit-switched sec- 
ond-generation technology. Enhance- 
ments of second-generation networks, 
such as the Global Packet Radio Sys- 
tem, will soon hit the market, followed 
by the roll-out of third-generation 
mobile communication systems. 



5. t. Global Packet Radio 
System (GPRS) 

GPRS is the packet-oriented extension 
of GSM. This extension relies on the re- 
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use of the radio infraslruclure of GSM 
while introducing new network nodes 
in the core network to provide the 
required packet-switching functional- 
ity. GPRS is mainly intended to pro* 
vide a belter service for Internet 
applications, when compared with the 
existing circuit -switched services of 
GSM. Certain timeslois of the TDM A 
frame can be statically or dynamically 
allocated to GPRS, which provides effi- 
cient sharing of these radio resources, 
by multiplexing several users over one 
timeslot, as well as the possibility that 
one user transmits over several lime- 
slots in parallel if the terminal equip- 
ment supports this. For a more 
detailed description of the GPRS con- 
cept, see |8]. 



3.2. Universal Mobile 

Telecommunications 
System (UMTS) 

The Universal Mobile Telecommunica- 
tion System (UMTS) is one of the major 
new third -generation mobile commu- 
nications systems being developed 
within the IMT-2000 framework of the 
ITU, Third -generation mobile commu- 
nication systems are characterized by 
offering: 

=0 wideband multimedia services, 
which include both data and voice 
sen-ices; 

=0 real-lime as well as non real-time 

support; 

=> dynamic user bandwidth and sen'- 
ices; 

=> IP connectivity from end to end. 

L'. . i S, with its wideband CDMA radio 
access scheme, truly meets these 
requirements. It has the support of 
many major telecommunications oper- 
ators and manufacturers, because it 
represents a unique opportunity to cre- 
ate a mass rn^rket for highly personal- 
ized and U5er- friendly mobile access to 
lomorrow'^s mobile "Information ScKi- 
ety". 

UMTS will deliver high-speed data, 
Internet serx-ices and mobile multi- 
media as well as audio to people who 
may be on the move. It will build on 
and extend the capability of today's 
mobile technologies (such as digital 
cellular and cordless) by providing 
increased-capacity data capability and 
a far greater range of sendees. UNH'S 
will use an innovative radio access 
scheme and an enhanced, evolving 
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Figure 2 

UMTS system architecture. 

core network which builds on the core 
network of GSM. It will, equally well, 
support circuit-switched and packet- 
switched services, which are currently 
being added to GSM under the head- 
line of GPRS. 

The standardization of UMTS phase 1 
will be finalized at the end of 1999. 
V\^ile national regulation is still ongo- 
ing, the first licences for UMTS will be 
granted in Europe during 1999. The 
conunercial launch of UMTS serv ices in 
Europe will happen from the year 2002 
onwards (UMTS will hit the Asian mar- 
ket in 2001). llt^nS will see the evolu- 
tion of a new "open" communications 
universe, with players from many sec- 
tors (including providers of informa- 
tion and entertainment services) 
coming together harmonious!)' to 
deliver new communications ser\'ices, 
characterized by both mobility and 
advanced multimedia capabilities. 

fig 2 depicts the system architecture of 
UMTS which comprises a hierarchical 
cellular environment consisting of 
pico, micro and macro cells, comple- 
mented by wide-area satellite cover- 
age. The transmission-rate capability 
of terrestrial UMTS will provide at least 
144 kbit/s for full mobility applications 
in all environments, 384 kbil/s for lim- 
ited mobility applications in macro and 



micro cellular environments and 
2.04 8Mbit /s for low mobility applica- 
tions particularly in micro and pico cel- 
lular environments. The 2.04 8Mbit /s 
rate may also be available for short 
range or packet applications in the 
macro cellular environment, depend- 
ing on deploy-ment strategies, radio 
netw^ork planning and spectrum avail- 
abilit)\ 

The target frequency bands for terres- 
trial UMTS ser\'ices, identified bv the 
ERC, are 19 00-1980M z, 2010- 
20 25MH2 and 2110-21 JOhMz. From 
the year 2002, the sp>ectrum designa- 
tions will probably differ from country 
to country (9][3l, due to national regu- 
lations. 



4. Spectrum 

considerations 

Recently, the UMTS Forum and other 
fora have identified that additional 
spectrum in a range of 15 0-3 42MH2 is 
required to satisfy the projected market 
needs for the year 2010 |3] (see also 
Tabic 1). Therefore, an investigation on 
possible UMTS extension bands was 
launched. One of the proposed candi- 
dates is the frequency* range between 
47 0-8 62M z- It is assumed that the 
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Table 1 

Spectrum requirement calculation. 



replacement of analogue T\' transmit- 
ters by DVB-T, together with an 
improved frequency re-use, will offer 
the possibility of considering a part of 
this spectrum for UVfTS. However, 
parts of the band are also used for mili- 
tary services, demand for which is 
expected to remain even beyond 2010. 

As a solution to the limited spectrum 
problem, we propose dynamic 
resource management techniques as 
described in the next section. The idea 
is to d)T\amically assign spectrum to 
various communication services as 
required or demand^-d 

In the following, we discuss two differ- 
ent approaches to tht* limited spectrum 
problem which can easily bo combined 
for maximum efficiency firstly, the 
development of dynamic resource 
management techniques which can 
dynamically assign spectrum to vari- 
ous communication services as 
required or demanded Secondly, the 
integration of data broadca>t ser\ ices 
as provided by DVB and DAB mio 
third-generation mobile communica- 
tion svstems. 



5. Dynamic spectrum 
and service allocation 

Technological advances allow the oper- 
ation of mobile communication sys- 
tems in ver\- different frequence' 
ranges, and also the terminals can 
nowadays easily "tune" to these fre- 
quencies (see C5M900, DCSlSOO, 
PCS1900 and multiband phones). 



However, spectrum for public services 
is a scarce resource. Allocation of spec- 
trum for new services must be co-ordi- 
nated across national borders and, if 
successful, can still take several years. 
Most of the spectrum that can, in prin- 
ciple, be used for mobile communica- 
tion systems is allocated for systems 
tha t have at best a regional importance, 
if any. 

Moreover, spectrum is allocated for 
specific systems, to avoid conflicts and 
to overcome the still-unsolved problem 
of sharing rules. If the system is no 
longer operational or the operational 
phase will not start for a few years yet, 
the spectrum remains unused even if 
other systems have an urgent need for 
it. In parallel, GSM and other success- 
ful mobile communication systems are 
in areas with a high user densil}'; most 
of the time, additional spectrum for 
these system is not available because 
the spectrum is often split betw een sev- 
eral operators, in the same quantities, 
regardless of which operator has more 
customers. 

While the proposed mechanism is a 
global approach, by following this 
approach the actual spectrum alloca- 
tion can be made much more flexible 
and involves much less harmonization 
effort. .Also, more dynamic approaches 
can be introduced to get more spec- 
trum allocated for successful serv'ices. 
Our concept extends the already well- 
known concepts for frequency harmo- 
nization (see [10) for n good overview). 
This will help maximizing the use of 
spectrum. 
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Flexible allocation of 
mobile communication 
systems 



The solution described in the following 
provides a flexible scheme to allocate 
mobile communication systems such 
as GSM and UMTS, but also new 
upcoming systems in new frequency 
ranges. Our solution offers a way to 
co-ordinate the spectrum use for 
mobile communication systems. 
Therefore we have called it Si/stem 
Spectrum Co-ordination (SSC). 
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CDMA 
CEPT 

DAB 

DECT 

DVB 

DVB-T 
ERC 

ETSI 

GPRS 
GSM 
IP 

ISDN 

ITU 

MOT 

PSTN 

SNR 
TDMA 

UMTS 



Code division multiple 
access 

European Conference of 
Postal and Telecommu- 
nications Administra- 
tions 

Digital Audio Broadcast- 
ing 

Digital enhanced cord- 
less telecommunications 

Digital Video Broadcast- 
ing 

DVB - Terrestrial 

European Radiocommu- 
nications Committee of 
the CEPT 

European Telecommuni- 
cation Standards Insti- 
tute 

Global packet radio 
service 

Global system for 
mobile communications 

Internet protocol 

Integrated services 
digital network 

International Telecom- 
munication Union 

Multimedia object 
transfer 

Public switched tele- 
phone network 

Signal-to-noise ratio 

Time-division multiple 
access 

Universal mobile tele- 
communicaton system 
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A useful generic means for co-ordina- 
tion between systems, as part of the 
system spi.-ctrun"k co-ordinator, could be 
a Conjnwn Co-ort1inatioit Chnivwl (CCC). 
This (logical) channel could convey 
information to the terminals on the 
serxiccs provided, the spectrum sup- 
ported, and traffic characteristics such 
a< loading, datr.-.ato capabilities, etc. 
A likely scenario would be that each 
participating s\>len'. would transmit 
the CCC itself. The contents, however, 
could differ from system to system, 
location to location, and from day to 
day, describing the transmitting system 
in more detail than other locally-availa- 
ble systems. The information transmit- 
ted via CCC is maintained and co- 
ordinated by a system spectrum co- 
ordinator located in the network, 
which has contact with all the co-ordi- 
nated systems. 

Th member systems providing a 
downlink and an uplink cou)d provide 
more CCC functionality, exploiting the 




avii^^ity of the uplink. The CCC 
would already support a flexible, loca- 
tion-dependent allocation of spectrum 
to different systems, e.g. the spectrum 
allocated in Sweden for DVB-T could 
be used in Germany for UMTS. A ter- 
minal could read from a CCC of a 
member system, where to find the dif- 
ferent systems in the spectrum. In this 
respect the CCC makes it easier to use a 
particular system globally, since a 
unique spectrum allocation in the 
world for the system is not required 
anymore. This ma}' prove important in 
the discussions on a new usage for 
spectrum, such as the frequency band 
between 470 MHz and 862 MHz. 

Note that SSC is concerned with the 
dynamic spectrum allocation for 
mobile communication technologies. It 
is not in the scope of SSC to actually 
assign radio resources to single users 
or sessions. As such, the proposed SSC 
is an add-on to existing and new stand- 
ards. SSC can be a technical mecha- 
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nism to orga^^Hhe co-existence of 
services. As a tool, it does not provide 
regulatory frameworks. Rather, it is 
foreseen that regulators will appreci- 
ate tools such as SSC in the future, for 
optimizing the usage of spectrum 
according to public demand in a more 
dynamic way. 



5.2, Introductory phases 

SSC must be introduced in phases, in 
order to work smoothly with existing 
standards such as GSM In phase 1, 
SSC will only be used as a ser\'ice 
announcer. On CCC, the spectrum 
availability' will be f>osted, containing 
also the validity' region, the technology 
to be used, and the operator. This will 
allow us to find extension bands for 
mobile communication systenns. 

In a second phase, SSC could be 
extended to enable an optimal use of 
the available spectrum, by adaptively 
allocating spectrum to the different 
systems (D\^, UMTS, GSM, ...). The 
dynamics of the spectrum adaptation 
are likely to be rather slow, following 
both slow and large traffic-load varia- 
tions. Furthermore, the dynamics may 
vary according to the different kinds of 
operator consortia that are running the 
sy stents in a given frequency band. 
Ner^^'ork planning and adaptation will 
be a challenge with such dynamic sys- 
tems. 



5.5. Benefits of SSC 

SSC will provide advantages for infor- 
mation providers, end users, regulators 
and equipment manufacturers. Infor- 
mation providers, such as radio and 
television providers, internet informa- 
tion providers and electronic newspa- 
per publisher will benefit from SSC 
because it could make spHJCtrum for 
wireless ser\'ices available at locations 
where their customers tend to be at a 
certain time. End users will be enabled 
to perform high quality communica- 
tion at any time, at any location and at 
any speed - and at low cost. SSC will 
open markets across national borders 
for network providers. Regulators will 
enjoy the accelerated introduction of 
new technologies on the basis of 
regionally available spectrum, thereby 
maximizing the use of existing and 
attractive spectrum. And last but not 
least, equipment manufacturers will 
benefit from SSC because new technol- 
ogies can be introduced, based on little 
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standardization and can qui^iv be 
deployed in limited nnarkets a^^^ec- 
irum. Spectrum-sharing, v\T^Pr is 
based on a frequency allocation accord- 
ing to the technology used, gives much 
more freedom for medium access than 
frequency-sharing rules based on, for 
example, 'listen before talk", which 
limit the >er\ ice possibilities in the so- 
called ISM (Industrial, Scientific and 
Medical) bands. 



systems. For instance, during the day 
where the demand for bi-directional 
connmunication is higher than in the 
evening, more spectrum could be allo- 
cated to mobile speech and multimedia 
scrxices whereas in the evening and 
during night hours, more spectrum 
could be given to video and audio 
broadcast serv ices such as DVB-T and 
DAB. 
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6. Integration of data 
broadcast services 
into 3'"'' generation 
mobile communication 

systems 

An example of a future network archi- 
tecture, which integrates data broad- 
cast services into third-generation 
mobile communication systems is 
depicted in Fig. 3. We assume an IP- 
based transport netu^ork, which inter- 
connects all the relevant components 
including the mobile terminal. High 
bandwidth data in the downstream 
direction are transmitted via a DVB-T 
transmitter. Low bandwidth down- 
stream data and control information 
from the user is transmitted by means 
of GPRS or UVITS. 

One solution to the limited bandwidth 
problem is the integration of data 
broadcast techniques, as described 
above, and the implementation of 
dynamic radio resource management 



7. Conclusions 

Fulfilling the increasing demand for 
interactive and asymmetric mobile 
communication ser\ices cannot be 
achieved by one single technology, due 
to the limited spectrum allocation for 
such serv ices. Two demanding devel- 
opment lines have been described in 
this article, both targeting at an effi- 
cient and flexible use of the limited 
spectrum: firstly, the integration of 
broadcast and mobile communication 
ser\'ices, offering a broadband down- 
link with DVB-T or DAB and an uplink 
with UMTS. Secondly, we have 
sketched the dj'namic spectrum and 
ser\'ice allocation. Each of these two 
development lines will optimize the 
spectrum utilization, but only their 
combination will offer the biggest 
advantages. However, both areas 
require a considerable research effort 
and the future will show whether the 
vision presented herein slays valid or 
will be overridden by even more 
demanding technologies. 
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Figure 3 

Interactive mobile broadcast services. 
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